INTRODUCTION
============

Diabetic nephropathy is one of the serious complications of diabetes mellitus and the leading cause of end-stage renal disease worldwide, however, the predisposing factors and pathogenic mechanisms of diabetic nephropathy have remained unclear [@B001],[@B002]. Early clinical manifestations of diabetic nephropathy include hyperfiltration and microalbuminuria and progress to overt proteinuria and progressive renal injury. Accompanying morphological changes include enlargement of glomeruli, increase in mesangial matrix, thickening of glomerular basement membrane (GBM), and effacement, denudation, and loss of podocytes [@B001],[@B002]. Accompanying biochemical alterations with pathological changes lead to increase in glomerular permeability as a result of impaired glomerular filtration structure. These changes would be caused by hyperglycemia, secondary glycated proteins, or irreversible advanced glycosylation end products (AGE) [@B003],[@B004].

As the glomerular capillary wall functions as an efficient and selective barrier that allows a high flow rate of filtration for plasma water and small solutes, glomerular capillary wall should be a strong but selectively permeable filtration barrier. The glomerular slit diaphragm (SD), a slit between interdigitating foot processes of podocytes, serves as a size-selective barrier and is linked to the actin-based cytoskeleton by adapter proteins, including CD2- associated protein (CD2AP), zonula occludens (ZO)- 1, β-catenin, and podocin and to GBM by p130Cas and integrin [@B005],[@B006].

p130Cas serves as an ubiquitous docking adapter protein [@B007] because it contains proline-rich domains, an SH3 domain, and binding motifs for the SH2 domains of v-Crk and v-Src and seems to be involved in integrin-mediated signaling, becoming tyrosine phosphorylated on cell adhesion to extracellular matrix [@B008] and on flow-induced shear stress [@B009]. In podocytes, p130Cas localizes diffusely to the cytoplasm with accumulation at ends of F-actin stress fibers at foot processes, where focal adhesion proteins and kinases connect docking proteins to GBM and other adapter proteins including CD2AP connecting p130Cas to SD insertion site [@B005],[@B006].

The root of *Panax ginseng* has been widely used for cancer, diabetes, and cardiovascular diseases for thousands of years in oriental countries including Korea [@B010],[@B011]. Several investigations revealed that ginseng root and its derivatives have been beneficial in both type 2 diabetic patients and healthy individuals [@B012],[@B013] as well as type 1 and 2 animal diabetic models [@B011],[@B014],[@B015].

Ginseng has also been reported to be effective in prevention and treatment of diabetic nephropathy of type 1 and type 2 diabetic animal models as followings. In type 1 insulin-dependent diabetic nephropathy animal models induced by streptozotocin, Sun ginseng [@B016], heat-processed American ginseng [@B017], and 20(S)-ginsenoside Rg3 [@B018] ameliorated elevated serum glucose and renal damage. In type 2 insulin-independent diabetic nephropathy animal models, 20(S)-ginsenoside Rg3 also decreased the elevated blood glucose and proteinuria and augmented creatinine clearance in type 2 diabetic Otsuka Long-Evans Tokushima Fatty (OLETF) [@B019]. Although the renal protective effect of ginseng components in diabetic models has been reported, there were very few reports which have attempted to elucidate the changes of glomerular filtration structures. Recently, we reported that *in vitro* diabetic conditions induced the distributional change and suppressed the production of ZO-1 protein, thus causing the phenotypical changes and hyperpermeability of podocytes, which can be improved by ginseng total saponin (GTS) [@B020].

In this study, we investigated the effect of GTS on the pathologic changes of podocyte p130Cas protein induced by diabetic conditions.

MATERIALS AND METHODS
=====================

Cell culture of mouse podocytes
-------------------------------

Conditionally immortalized mouse podocytes were kindly provided by Dr. Peter Mundel (University of Harvard, Boston, MA, USA) and were cultured and differentiated as described previously [@B021]. Briefly, to stimulate podocytes proliferation, cells were cultivated at 33℃ (permissive conditions) in a culture medium supplemented with 10 U/mL mouse recombinant γ-interferon (Roche Mannheim, Germany) to induce expression of temperature-sensitive large T antigen. To induce differentiation, podocytes were maintained at 37℃ without γ-interferon (non-permissive conditions) for at least 2 wk.

Culture additives
-----------------

Cells were serum-deprived to reduce background 24 h before each experiment, then exposed to glucose and/or AGE. Mouse podocytes were incubated in culture media containing either 5 mM (normal glucose) or 30 mM glucose (high glucose, HG) without insulin. AGE was produced by the technique previously described by Ha et al. [@B022]. To imitate the long-term diabetic condition, AGE was added (5 μg/mL) and controls were established using unmodified bovine serum albumin (BSA, 5 μg/mL). To exclude the effect of additionally produced glycated proteins in culture conditions, no longer than 48 h of incubation was used. Fetal bovine serum was reduced to 0.5% on the last media change to reduce background caused by serum components before protein extraction. For identification purposes, AGE or BSA was denoted as 'A' or 'B', and glucose at 5 or 30 mM by '5' or '30', respectively. Briefly describing, each condition means B5, normal; B30, short-term diabetic condition; A5, long-term normoglycemic or aged condition; A30, long-term diabetic condition.

For ginseng treatment podocytes were incubated with GTS at the concentrations of 1 μg/mL for 6, 24, and 48 h. GTS was kindly provided by Korea Ginseng Corporation (Daejeon, Korea).

Confocal image analysis
-----------------------

Podocytes that were grown on type I collagen-coated glass cover slips incubated for 24 h were fixed in 4% paraformaldehyde, permeabilized in phosphate buffer solution, blocked with 10% normal goat serum, and labeled with polyclonal rabbit anti-rat p130Cas antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA), monoclonal rabbit anti-rat ZO-1 antibody (Invitrogen, Eugene, OR, USA) or polyclonal rabbit anti-rat synaptopodin (Santa Cruz Biotechnology). Primary antibody-bound specimens were incubated with 1:500 (v/v) Alexa 594 for red (Molecular Probes, Invitrogen)-conjugated respective secondary antibodies at RT for 1 h. F-actin was visualized with TRITC-phalloidin (Sigma Chemical, St. Louis, MO, USA) and nuclei were stained with 2 mM 4',6-diamidino-2-phenylindole dihydrochloride (Sigma Chemical). Coverslips were mounted in aqueous mountant and viewed with a Fluorescence microscope (BX51; Olympus, Tokyo, Japan).

Western blotting
----------------

The confluently grown cell layers incubated with additives for p130Cas and various durations for AGE were extracted and protein concentrations were determined as previously described [@B022]. For the Western blotting of p130Cas, 30 μg of boiled extracts was applied on 10% SDS-PAGE gels and transferred to polyvinylidene fluoride membranes (Bio-Rad Laboratories, Hercules, CA, USA). Then, the membranes were air-dried and blocked in 3% fat-free milk before incubation with anti-p130Cas antibody. After incubation with horseradish peroxidase--conjugated secondary antibodies (Santa Cruz Biotechnology), bands were detected by using the ECL chemiluminescence system (Amersham Biotech Ltd., Bucks, UK). Data on the densitometric analysis of p130Cas / β-tubulin ratio are expressed as mean±standard deviation.

Statistical analysis
--------------------

The results are presented as mean values±standard deviation, as required under different conditions. The statistical significance was assessed by nonparametric Kruskal-Wallis ANOVA analysis or Student *t*-test. A *p*-value less than 0.05 was considered significant.

RESULTS
=======

Confocal image changes of zonula occludens-1
--------------------------------------------

p130Cas stainings are located in peripheral cytoplasm and processes of podocytes, co-localized with ZO-1 and synaptopodin, however, not with actin filaments ([Fig. 1](#F001){ref-type="fig"}A). Therefore, p130Cas connects basal cell membrane to ends of cytoskeleton not directly but indirectly via synaptopodin.

The intensities of p130Cas stainings are diminished at peripheral cytoplasm in diabetic conditions, especially in more pathologic A30 at 24 h (arrows; [Fig. 1](#F001){ref-type="fig"}B, C). GTS (1 μg/mL) improved the distributional change of p130Cas, therefore, recovered p130Cas at peripheral cytoplasm and cellular membrane.

![Localization of p130Cas in podocytes. (A) p130Cas stainings are located in peripheral cytoplasm and processes of podocytes, co-localized with zonula occludens (ZO)-1 and synaptopodin, however, not with actin filaments. (B,C) The intensities of p130Cas stainings are diminished at peripheral cytoplasm in diabetic conditions, especially in more pathologic A30 (arrows). Ginseng total saponin (GTS, 1 μg/mL) improves the distributional changes, therefore, recover p130Cas at peripheral cytoplasm and cellular membrane (×1,000). DAPI, 4',6-diamidino-2-phenylindole dihydrochloride.](grosbr-37-94-g001){#F001}

Western blotting of p130Cas in cultured podocyte
------------------------------------------------

The bands for p130Cas protein at 130 kDa were compared to those of β-tubulin (not shown). Density values for p130Cas protein of representative immunoblots from each group revealed that HG (B30) suppressed p130Cas protein amount by 26.5% at 48 h and A30 condition suppressed p130Cas by 26.8% at 24 h and by 22.7% at 48 h (*p*\<0.05) ([Fig. 2](#F002){ref-type="fig"}A). Decrease in B30 at 48 h incubations but not at shorter incubations (6 and 24 h) might be due to HG itself and subsequently produced glycated proteins. GTS (1 μg/mL) improved change of p130Cas protein amount, significantly (*p*\<0.05 or *p*\<0.01). Notably, GTS upregulates p130Cas of podocytes over control level even in B5, and the remained effect of GTS in A5 condition at 48 h is comparable. Results on B5 and A30 were compared according to exposure times in [Fig. 2](#F002){ref-type="fig"}B.

![Effects of diabetic conditions and ginseng total saponin (GTS) on the p130Cas protein assayed by Western blotting. (A) The major band for p130Cas protein at 130 kDa decreased in A30 conditions at 24 and 48 h and in B30 at 48 h incubations, which improved by GTS (1 μg/mL). Notably, GTS upregulates p130Cas of podocytes over control level even in B5. (B) Results on B5 and A30 were compared according to exposure times. Data on the densitometric analysis of p130Cas/β-tubulin (not shown) ratio are expressed as mean±SD (*n*=3). Control (100%), the value of B5 without GTS at each incubation time. \**p*\<0.05, \*\**p*\<0.01 vs. control.](grosbr-37-94-g002){#F002}

These findings imply that glucose and AGE might have an influence on the redistribution and amount of p130Cas protein of podocytes thereby causing podocyte dysfunction, which could be reversed by GTS.

DISCUSSION
==========

p130Cas protein plays a pivotal role in maintaining the cell adhesion/migration, pro-survival, and cellular signaling by connecting extracellular structure and cytoskeleton [@B007],[@B008]. In podocytes, p130Cas localizes diffusely to the cytoplasm with accumulation at ends of F-actin stress fibers at foot processes and connected to GBM via focal adhesion kinases (FAKs) and integrin and to SD via adapter proteins including CD2AP [@B005]. As tyrosine phosphorylation of p130Cas by integrin-mediated adhesion plays a role in controlling actin cytoskeleton organization in response to adhesive and growth factor signaling [@B023], therefore, p130Cas protein may also play an important role in maintaining the glomerular permeability by connecting podocyte actin cytoskeleton to GBM and SD.

The proteinuric condition, regardless of the underlying diagnosis, demonstrates ultrastructural changes in the visceral GEpC (podocytes) with retraction and effacement of the highly specialized interdigitating foot processes, which were accompanied by the alterations of SD and linking molecules even before the onset of proteinuria [@B005],[@B006]. There were very limited reports on the change of p130Cas in pathologic conditions till now. As an adapter protein, the immunofluorescent density of p130Cas increased around the capillary loop of human membranous nephropathy, however, not of minimal change disease [@B024]. They speculated that the increase of p130Cas might be as a result of tyrosine phosphorylation of its constituent proteins. In patients and animal models with immune-mediated glomerular diseases, increased tyrosine phosphorylation within focal adhesion proteins, increased Pyk2, and FAK activation have been reported [@B025]-[@B027]. Recently, we found a reduced expression of p130Cas by puromycin aminonucleoside which could induce the similar pathologic findings of minimal change disease [@B028] and in diabetic model of this study. Therefore, we suggest that the changes in the expression of podocyte p130Cas would be a cause or a consequence in podocyte injury, although the expression of podocyte p130Cas could be different according to the pathophysiologic mechanisms leading to podocytopathy.

HG strongly inhibited adhesion of podocytes to basement membrane and reduced α~3~β~1~ integrin mRNA and protein expression [@B029]. Recently, integrin α1/Akita double-knockout mice on a BALB/c background developed albuminuria, GBM thickening, and exacerbated glomerulosclerosis after diabetic injury [@B030]. As tyrosine phosphorylation of p130Cas would be induced by integrin-mediated adhesion [@B023], we suggest that podocyte p130Cas might be up-regulated by tyrosine phosphorylation in immune-mediated glomerular diseases, however, reduced with a suppression of integrin in diabetic condition.

There were several reports on the effects of *P. ginseng* root and its derivatives on human and experimental diabetic nephropathy, however, there were a few reports on podocyte, a major glomerular filtration component using cultured podocytes. Focusing on glomerular filtration structures, Zhang et al. [@B031] found that ginsenoside Rgl improved the pathologic diabetic changes of glomerular filtration, such as, GBM thickness and podocytopenia with the reduction of urine protein and serum creatine. As ginsenoside Rgl also improved the overexpressed levels of serum monocyte chemotactic protein-1 and tumor necrosis factor-α, which correlated with the improved clinical and pathologic indices. Recently, we reported that both HG- and AGE-added condition induce the distributional change and suppress the production of ZO-1 protein, thus causing the phenotypical changes and hyperpermeability of podocytes, which can be improved by GTS [@B020].

In conclusion, the results of our *in vitro* study document that both HG- and AGE-added condition induce the distributional change and suppress the production of podocyte p130Cas, which can be improved by GTS, therefore, GTS will be helpful to prevent the podocyte change in diabetic nephropathy.
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